M
ANY soil properties and reactions are conditioned by the moisture content of the soil. For this reason-, interest in methods of evaluating soil moisture conditions is widespread among all who work with soil or soil materials. Many attempts have been made to develop instruments which are portable in nature and simple in operation which will give an accurate measure of soil moisture in situ. Among the many properties of the -soil which change with variations of moisture content, the electrical properties seem to be among the most readily susceptible of evaluation with portable apparatus.
Measurements of electrical resistance of the soil, or of a porous body at moisture equilibrium with the soil have been used. Since the conductivity of such a material is strongly affected by the presence of soluble salts, resistance measurements are subject to serious errors under those conditions where the soluble salt content of the medium is subject to significant variations. The dielectric constant of water is about 80 and is largely independent of the presence of dissolved electrolytes. Since this value is much greater than the value of five of the solid soil components, it would appear that measurements based on this property would be sensitive to the amount of water present and largely independent of the solute concentration.
In this article are reported investigations, of the effect of state of packing, clay content, and electrolyte concentration on the dielectric properties of soil moisture, together with a brief discussion of certain methods that have been proposed for measuring soil moisture by dielectric means. A more complete discussion of the theoretical aspects of the problem, including the application of the concept of equivalent circuits to such a complex dielectric as moist soilappears elsewhere (i6).
THEORETICAL CONSIDERATIONS
The dielectric behavior of a complex material such as moist soil can perhaps be better understood if the theory of certain more simple systems is first presented followed by a discussion of how the behavior of a moist soil might be expected to differ from that of its components or of simple combinations of them.
PERFECT DIELECTRICS
A perfect dielectric contains no free electrons. If placed between a pair of fixed equipotential surfaces whose potential difference is given as V = Vo sin wt, a current defined as I = Vo Co ew cos wt, will flow. Co is the capacity of the equipotential surface in a vacuum and « is the dielectric constant of the ma-C terial defined as e= -, where C is'the capacity of Co the equipotential surfaces with the dielectric be-'tween them. Since the voltage and current are in quadrature, no energy is lost by a condenser containing a, perfect dielectric. Although no net movement of electrons occurs, they are displaced from their equilibrium positions against the forces of attraction of their nuclei. This displacement is proportional to the applied field. The proportionally constant, a, is called the polarizability of the dielectric.
Three types of polarization are recognized, viz., (a) electron polarization occurs in nonpolar molecules due to displacement of electrons with respect to the nuclei, (b) atomic polarization arising from the displacement of the nuclei themselves, and (c) orientation polarization occurs when polar molecules are lined up in the electric field (10).
•
REAL DIELECTRICS
Since all dielectrics contain a certain number of free electrons which are free to move when placed in an electric field, the current will not be in quadrature with the voltage and energy will be expended. The apparent dielectric of the condenser is a complex quantity .composed of two. components in quadrature. e = t'-je" ' i The use of the j with the "imaginary" component indicates the rotation of this component by 90 degrees counter-clockwise from the "real" component.
For real dielectrics the current leads the voltage by less than 90 degrees. This departure from quadrature, known as the loss angle 0, is used as a criterion of the quality of the dielectric and is given by the relation tan <j > = - EQUIVALENT 
CIRCUITS
The behavior of a dielectric in which energy is dissipated may be described in terms of a network composed of a "perfect" condenser and a resistance of such size that the energy dissipated by conduction is the same as that in the actual dielectric. If the condenser and resistance are in parallel arrangement and a potential difference of V = Voei wt is applied to them the current is given as Pigures in parenthesis refer to "Literature Cited", p. 71.
